whether this finding will also hold for metastases that develop in tissues other than the liver, these results underscore the general importance of stemness for metastasis in colorectal cancer.
, and that tumours rapidly replenish lost Lgr5 + cells, the possibility that different types of stem cell are involved in cancer and homeostasis seems unlikely. The lack of a dedicated stem-cell population thus seems a more reasonable explanation, and would support the idea that stemness should be seen as a property that can be acquired at any time during the life of a cell, independently of its differentiation status, rather than as a cell-intrinsic property acquired only on a cell's formation.
De Sousa e Melo and colleagues' work raises some interesting questions. Is there a distinct cell type that acts as a 'reserve' stem cell, compensating for the loss of Lgr5 + cells in tumours, or does any epithelial cell type in the tumour have the capacity to adapt and dedifferentiate to form stem cells? Perhaps even the neighbouring non-epithelial stromal cells have the ability to form stem cells. The contribution of the tumour microenvironment and the location of the adapting cells should be examined. The authors report an increase in the expression of the immune-system signalling protein interferon upon the loss of Lgr5 + cells in tumours, although this expression is probably not required for reserve stem-cell action and merely reflects an inflammatory response to Lgr5 + -cell death. In a paper online in Nature, Shimokawa et al. 12 report that in human colorectal cancer, the selective destruction of LGR5 + cells led to temporary tumour regression and other cells exhibited compensatory proliferation. Thus, it will be essential to determine the signalling pathways that are responsible for the reappearance of Lgr5 + cells. T he incorporation of iron into lightabsorbing compounds known as photo sensitizers offers great promise for solar-energy applications. To realize these applications, the light-activated excited state of an iron-containing photosensitizer needs to persist long enough for it to react with other compounds or materials. Numerous iron(ii)-based complexes have been prepared for this purpose, but these suffer from short excited-state lifetimes that limit their solarenergy applications. On page 695, Chábera et al. 1 report a strategy for realizing long-lived excited states in iron-based compounds. Notably, the direction in which electronic charge is transferred to form the excited state is the reverse of that seen in most previously reported iron complexes.
Transition-metal photosensitizers typically feature low-energy excited states in which a complete unit of electron charge has been transferred between the metal centre and one of the bound species, called ligands, upon exposure to light. The field has been dominated by complexes that incorporate ruthenium(ii) and iridium(iii), and in which charge is transferred from the metal to the ligands. Such metal-to-ligand charge-transfer (MLCT) compounds are used in applications ranging from solar cells 2 to organic light-emitting diodes 3 . But because ruthenium and iridium are scarce, expensive elements, it is desirable to find photosensitizers based on cheaper and more-abundant metals such as iron.
Iron(ii) has the same number and configuration of electrons in its outermost d orbitals as ruthenium(ii) and iridium(iii), so similar principles generally apply for manipula ting the excited-state behaviour of all three metals 4 . However, iron has smaller 3d orbitals than the 4d and 5d orbitals found, respectively, in ruthenium and iridium. This results in much
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Making iron glow
An iron complex has been made that has a long-lived excited state and emits light at room temperature as a result of a charge-transfer process. This breakthrough might allow the production of cheap solar cells. See Letter p.695 LMCT state therefore retains its groundstate geometry, so that little energy is lost to molecular rearrangement processes resulting from the charge shift. This tallies with Chábera and co-workers' observation that the light emitted when the excited complex relaxes to its ground state is of only slightly lower energy than the light needed to excite the complex in the first place. The retention of ground-state geometry in the 2 LMCT state positions the molecule for spin-allowed photoluminescence -the doublet excited state relaxes to a doublet ground state with the emission of radiation, in a process that conserves electron spin.
Although the quantum yield for this photoluminescence (the amount of light emitted per photon absorbed) is extremely small, this is the first iron-based charge-transfer complex to be reported that photoluminesces at room temperature. Other photoluminescent LMCT complexes have been reported, but are rare, and detailed investigations of their excitedstate dynamics are only beginning to emerge 10 . Given the unusual electronic structure of the btz ligand, it is difficult to know whether similar design principles to those underpinning [Fe(btz) 3 . Ruthenium(ii) and iridium(iii) complexes can therefore possess 'ligand-field' states in which the unoccupied d orbitals are higher in energy than the charge-transfer excited state. By contrast, in the ligand-field states of iron(ii) complexes, these orbitals are lower in energy than the charge-transfer excited state. Such low-lying orbitals cause charge-transfer excited states 6 to deactivate on timescales of femtoseconds (1 fs is 10 -15 s) to picoseconds (1 ps is 10 -12 s), too fast for light-emission processes to be observed.
Fortunately, ligand-field states can be tuned by the electronic nature of the ligands. The combination of strong σ-donation (a process in which electron density is provided from ligands to the metal, along the ligand-metal bond axes) and strong π-back donation (in which d-orbital electron density from the metal populates 'anti-bonding' orbitals on the ligands) can induce large d-orbital splitting (a strong ligand field), moving the deactivating ligand-field states to higher energy values. This effect is primarily responsible for the extension of excited-state lifetimes of iron(ii) MLCT complexes in the past few years 7 -enabling lifetimes of up to 26 ps to be achieved (ref. (Fig. 1) , in which the judicious use of a special type of ligand (3,3ʹ-dimethyl-1,1ʹ-bis(p-tolyl)-4,4ʹ-bis(1,2,3-triazol-5-ylidene); btz) achieves a similar extension of the excited-state lifetime. However, the combination of an iron(iii) centre and three btz ligands reverses the direction of the charge-transfer excitation, generating a ligand-to-metal charge-transfer (LMCT) complex. The LMCT excited state emits light at room temperature, has a record lifetime of 100 ps, and potentially represents a paradigm shift in the design of inorganic charge-transfer complexes for excited-state photochemistry.
A unique feature of the [Fe(btz) 3 ] 3+ ion in the complex is that the iron(iii) centre has a 'low-spin' electron configuration that leaves one electron unpaired; to put it another way, this configuration provides the electron vacancy needed to promote an LMCT transition. Such configurations featuring one unpaired electron are termed doublets. , and found that its first reduction process (in which the complex accepts one electron) occurs at the metal centre, whereas the first oxidation process (the loss of a single electron) occurs in the btz ligands. This implies that, during the lowest-energy light-induced charge-transfer process of [Fe(btz) 3 ] 3+ , the PA U L W. ST E R N B E R G F orty years ago, John Sulston and Robert Horvitz 1 published a landmark paper that launched the nematode worm Caenorhabditis elegans on course to becoming a premier organism in which to study one of life's mysteries: how the cells of an embryo develop to form an adult animal. In the 1970s, the biggest questions of molecular biology were thought to have been answered, and the two authors joined Sydney Brenner in tackling the next big unsolved problem -how genes control development. Progress was being made at that time in understanding the life cycle of viruses called bacteriophages through genetics and elegant experimental logic, and C. elegans seemed perfect for taking a similar approach to investigating the development of a multi cellular organism.
C. elegans are transparent, making them easy to observe using an optical technique, called Nomarski differential interference contrast microscopy, that highlights density differences to reveal subcellular detail, such as the nucleus and chromosomes at the mitotic stage of cell division. By means of this technique, Sulston and Horvitz made continuous observations of living worms, using hand drawings to record cell positions, divisions, migration, differentiation and, in some cases, programmed death, for each cell in the newly hatched worm until it reached adulthood two days later. This process was aided by the consistency of development that results from the genetic uniformity of the self-fertilizing C. elegans hermaphrodite and
In Retrospect
Forty years of cellular clues from worms
The cell divisions that occur when a larva develops into an adult Caenorhabditis elegans worm were described in a cell-lineage map in 1977. The work has provided the foundation for many discoveries about developmental mechanisms.
